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Somerset	 and	Gloucestershire	 intervention	 areas	when	 compared	 to	 areas	with	no	
culling	(incidence	rate	ratio	(IRR):	0.79,	95%	CI:	0.72–0.87,	p	<	.001	and	IRR:	0.42,	95%	
CI:	0.34–0.51,	p	<	.001,	 respectively).	An	 increase	 in	 incidence	was	associated	with	
culling	in	the	2-	km	buffer	surrounding	the	Somerset	intervention	area	(IRR:	1.38,	95%	
























the	 transmission	of	M. bovis	between	 this	wildlife	 reservoir	and	cat-
tle	has	been	widely	debated.	There	is	evidence	from	the	Randomized	
Badger	Culling	Trial	(RBCT)	that	proactive	(systematic	and	widespread)	
culling	of	badgers	 for	at	 least	4	years	could	 reduce	the	 incidence	of	
confirmed	TB	 in	 cattle	 by	 23.2%	 (95%	CI:	 12.4%–32.7%)	 (Donnelly	
et	al.,	 2006,	 2007).	 The	 RBCT	was	 conducted	 in	 England	 between	
1998	 and	 2007.	The	 net	 effect	 of	 proactive	 culling	 per	 year	 in	 the	
RBCT	was	initially	detrimental	as	a	24.5%	increase	in	incidence	(95%	






The	 first	 round	 of	 industry-	led	 culling	 took	 place	 in	 two	 areas,	
one	in	west	Somerset	and	the	other	in	west	Gloucestershire	between	
August	 and	November	2013	 (hereafter	 referred	 to	 as	 the	Somerset	





































areas	 in	the	years	since	badger	culling	began.	Cattle	TB	 incidence	 is	
also	monitored	among	herds	 in	2-	km	“buffer	areas”	surrounding	the	
intervention	areas	and	compared	 to	 incidence	among	herds	 in	 simi-
larly	defined	areas	around	unculled	comparison	areas	to	monitor	for	











culling,	 alongside	 more	 detailed	 analysis	 with	 adjustment	 for	 other	
	factors	that	are	likely	to	be	associated	with	a	risk	of	TB	in	cattle.
2  | METHODS
2.1 | Selection of comparison areas
Areas	were	selected	from	within	England	which	met	the	following	
inclusion	 criteria:	 within	 a	 high-	risk	 TB	 area	 (Defra	 2014a);	 cat-
tle	herds	 subject	 to	 annual	TB	 testing;	 having	no	 land	closer	 than	






in	May	 2014,	 around	 9	months	 after	 the	 start	 of	 the	 culls	 in	 late	
2013	without	 any	 consideration	 of	 cattle	 TB	 incidence	 data	 after	
the	culls	began.	They	were	matched	 to	 intervention	areas	on	 fac-
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2.2 | Ranking of comparison areas for similarity to an 
intervention area
Each	intervention	area	and	potential	comparison	area	was	described	
by	 six	 factors	 or	 attributes	 previously	 associated	with	TB	 incidence	
that	 had	been	 extracted	 from	 the	APHA	Sam	 surveillance	database	
(Table	1).	The	distribution	of	each	factor	was	summarized	using	deciles,	
and	the	absolute	difference	between	the	decile	to	which	the	interven-
tion	area	belonged	and	 the	decile	 to	which	each	potential	 compari-
son	area	belonged	was	calculated.	A	score	based	on	the	sum	of	the	
absolute	differences	for	each	of	the	attributes	was	then	used	to	rank	
potential	 comparison	areas,	with	 areas	having	 the	 smallest	 summed	
absolute	difference	ranked	highest.	No	weighting	was	applied	to	the	
ranking	attributes.
2.3 | Selection of matched comparison areas based 
on rank
The	highest	 ranked	comparison	areas	were	preferentially	 	selected	
using	 a	 semi-	automated	 process	 that	 also	 sequentially	 excluded	
comparison	 areas	 that	 covered	 part	 of	 a	 higher	 ranking	 area	 or	
one	 of	 the	 two	 intervention	 areas.	 Ten	 comparison	 areas	 were	
selected	for	each	 intervention	area,	 in	order	 to	minimize	the	con-
sequences	 of	 future	 censoring	 of	 comparison	 areas	 due	 to	 ini-
tiation	 of	 new	 intervention	 areas	 that	 cover	 land	 in	 a	 previously	
selected	 comparison	 area.	 The	 process	 of	 ranking	 potential	 com-
parison	 areas	 and	 for	 manually	 selecting	 highest-	ranking	 com-
parison	 areas	 was	 conducted	 independently	 by	 two	 members	 of	
the	project	 team,	and	any	differences	 in	outputs	were	 reconciled.	
Other	 attributes	 likely	 to	 be	 associated	with	 cattle	 TB	 incidence	






(10	 per	 intervention	 area)	 and	 their	 2	km-	wide	 buffers	 for	 the	 first	
and	second	years	following	the	baseline	date	(the	date	on	which	the	






calculated	 for	 both	 the	 central	 intervention	 areas	 and	 buffer	 areas	
in	each	 reporting	period.	95%	confidence	 intervals	were	calculated,	
and	 a	 probability	 level	 of	 p	<	.05	was	 considered	 to	 be	 statistically	
significant.


















All TB incidents prior to 
baseline datea











area %1 year 3 year 1 year 3 year
Somerset
Intervention	central 30 105 27 84 154 53.5 0 0.5
Intervention	bufferb 16 43 13 36 88 39.5 0 3.4
Comparison	central 31.4 92.1 25.8 74.4 186.3 56.3 62.1 0.03
Comparison	buffer 20.1 56.3 16.8 44.7 119.9 61.7 62.1 2.4
Gloucestershire
Intervention	central 17 90 15 69 215 46.0 0 0
Intervention	buffer 22 55 16 41 121 48.0 0 0
Comparison	central 27.8 83.2 23.3 66.6 171.3 46.2 33.3 0.7
Comparison	buffer 18.1 53.8 15.2 43.6 100.8 52.8 33.3 5.5
aTB	incidents	include	all	incidents.	Only	OTF-	W	incidents	were	used	to	rank	comparison	areas.
bLower	values	for	some	variables	because	buffer	area	to	the	north	extends	into	the	sea.
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Two	models	were	built,	to	estimate	the	effect	of	intervention	on	
OTF-	W	incidence	in	the	central	areas	(Model	A)	and	the	buffer	areas	
(Model	 B)	 in	 the	 first	 2	years	 of	 culling.	 Each	model	 included	 two	
separate	 intervention	variables,	 one	 for	 each	 of	 the	 Somerset	 and	
Gloucestershire	 intervention	 areas	 in	 order	 estimate	 the	 indepen-
dent	effects	of	 the	 intervention	 in	each	geographical	area.	Prior	 to	
building	 the	models,	 bivariable	 associations	 between	 the	 outcome	
and	explanatory	variables	were	assessed,	and	pairwise	correlations	
were	 explored	 to	 investigate	 any	 colinearity	 between	 explanatory	
variables.	Explanatory	variables	 considered	 to	be	 important	poten-
tial	 confounders	a	priori	were	 included	 in	 the	 initial	models.	These	
consisted	of	the	variables	used	to	match	the	comparison	areas—area	
(Somerset	 or	 Gloucestershire),	 historic	 (3-	year)	 incidence,	 median	
herd	 size,	 the	proportion	of	herds	 that	were	dairy,	 distance	 to	 the	
matched	intervention	area	and	the	proportion	of	the	land	in	the	area	
subjected	to	proactive	culling	during	the	RBCT—to	account	for	 im-
perfect	matching,	 as	well	 as	 estimated	 badger	 sett	 density	 (Judge,	






Count	 and	 continuous	 explanatory	 variables	 included	 historic	
incidence,	herd	size,	herd	years	at	 risk	 in	 the	first	2	years	of	culling,	
and	the	number	of	badgers	removed	as	part	of	historical	control	op-
erations	including	the	RBCT	and	earlier	government-	led	culling.	These	




were	 classified	 to	be	 free	of	M. bovis	 infection	based	on	TB	 testing	
information.	To	account	for	any	overdispersion	(greater-	than-	expected	
variance	between	areas	due	to	clustering	of	cattle	TB	incidents),	the	




A	 sensitivity	 analysis	 of	 the	 influence	 of	 individual	 comparison	
areas	on	the	estimated	associations	between	industry-	led	culling	and	
OTF-	W	incidence	was	conducted	by	systematically	removing	one	area	





As	 part	 of	 our	 validation	 of	 the	 final	models,	 three	 further	 sets	
of	models	were	developed.	The	first	set	examined	OTF-	W	incidence	
in	 the	 first	2	years	since	culling	began,	but	using	a	 reduced	number	
of	explanatory	variables	 (area,	time	at	risk,	and	historic	 incidence)	 in	












































































































































































































































































































































































































































































































































































3.1 | Comparison of characteristics in intervention 
areas and matched comparison areas
The	characteristics	of	the	intervention	areas	and	buffers	and	their	
matched	comparison	areas	are	presented	 in	Table	1.	There	were	
6,658	 and	 6,387	 potential	 comparison	 areas	 generated	 through	
the	5-	km	shifts,	respectively,	for	the	Somerset	and	Gloucestershire	
intervention	areas.	The	10	selected	comparison	areas	were	fairly	
well	matched	 to	 their	 respective	 intervention	 areas	when	values	
for	 the	 ranking	 factors	 were	 averaged	 (Table	1).	 The	 proportion	
of	 all	 incidents	 that	were	OTF-	W	was	over	80%	 for	 all	 compari-
son	areas.	The	greatest	differences	between	the	intervention	and	






higher	1	year	prior	 to	baseline	 than	 the	 intervention	area	with	 a	
difference	 of	 eight	 more	 incidents.	 The	 mean	 number	 of	 herds	
in	Somerset	 comparison	areas	was	 slightly	higher	overall	 than	 in	
the	intervention	area	(32	more	herds	on	average),	while	the	mean	
number	of	herds	 in	the	Gloucestershire	comparison	areas	overall	
was	 slightly	 lower	 than	 in	 the	 intervention	 area	 (44	 fewer	herds	
on	average).











badgers	 removed	as	part	of	control	operations	at	some	point	 in	 the	
past.	The	largest	number	of	badgers	removed	historically	in	a	Somerset	
comparison	area	was	1,589	and	in	a	Gloucestershire	comparison	area	
was	 1,586.	 Estimated	 badger	 sett	 density	was	 slightly	 lower	 in	 the	
Somerset	 intervention	 area	 than	 in	 the	 matched	 comparison	 areas	
and	similar	in	the	Gloucestershire	intervention	and	comparison	areas	
(Table	2).
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difference	between	OTF-	W	 incidence	rates	 in	 the	Somerset	central	
intervention	area	and	comparison	areas	for	Year	1	or	Year	2.	A	weak	
















of	 land	 in	 the	 area	were	 included	 in	 the	model	 alongside	 the	 a	pri-
ori	 explanatory	 variables	 as	 they	 affected	 the	 association	 between	
the	intervention	and	OTF-	W	incidence	in	Somerset	and	reduced	the	
AIC	 (Table	4).	A	 lower	 IRR	 for	 the	 intervention	was	observed	 in	 the	
Somerset	 and	 Gloucestershire	 central	 areas	 (both	 p	<	.001),	 with	 a	










and	 Pearson	 goodness-	of-	fit	 tests	 for	 overdispersion	 (p	=	.898	 and	
p	=	.904,	 respectively)	 indicated	 no	 evidence	 of	 there	 being	 signifi-
cantly	more	variation	in	the	data	than	expected.
The	sensitivity	analysis	of	OTF-	W	 incidence	 in	 the	central	 areas	




































































































































































































































































































































































































































































































































































3.3 | Analysis of the impact of the intervention on 


















OTF-	Wa	incidents	in the first 2 years since culling began,	adjusted	for	explanatory	variables.	Model	A	describes	the	effect	in	the	central	
intervention	areas	compared	with	matched	central	comparison	areas,	and	Model	B	describes	the	effect	in	the	2-	km	buffer	area	for	the	
intervention	areas	compared	with	buffer	areas	for	matched	comparison	areas
IRRb Robust SE p value 95% Confidence interval
Model	A—Central	areas
Intervention	effect	in	Somerset	areac 0.791 0.040 <.001 0.716 0.874
Intervention	effect	in	Gloucestershire	areac 0.417 0.041 <.001 0.344 0.507
Area	=	Somerset 1.103 0.173 .532 0.811 1.501
Log	transformed	herd	years	at	risk	in	first	2	years	of	culling 5.251 0.699 <.001 4.044 6.817
Log	transformed	OTF-	W	incidence	rate	over	3	years	prior 1.555 0.136 <.001 1.310 1.847
Log	transformed	median	herd	size 0.397 0.308 .233 0.087 1.815
Proportion	of	herds	that	are	dairy 1.019 0.003 <.001 1.013 1.024
Distance	to	intervention	(km) 0.996 0.001 <.001 0.995 0.998
Estimated	badger	sett	density	per	100	km2 0.995 0.003 .031 0.990 1.000
Proportion	of	land	involved	in	proactive	culling	in	the	RBCT 1.003 0.026 .922 0.953 1.055
Log	transformed	number	of	badgers	culled	historically 1.032 0.010 .001 1.013 1.052
Proportion	of	farms	with	more	than	one	fragment	of	land	in	the	
area
1.026 0.007 <.001 1.012 1.040
Model	B—Buffer	areas
Intervention	effect	in	Somerset	areac 1.379 0.166 .008 1.090 1.746
Intervention	effect	in	Gloucestershire	areac 0.908 0.075 .243 0.771 1.068
Area	=	Somerset 1.106 0.108 .298 0.914 1.339
Log	transformed	herd	years	at	risk	in	first	2	years	of	culling 1.955 0.193 <.001 1.612 2.372
Log	transformed	OTF-	W	incidence	rate	over	3	years	prior 2.076 0.181 <.001 1.749 2.464
Log	transformed	median	herd	size 1.056 0.145 .694 0.806 1.382
Proportion	of	herds	that	are	dairy 1.019 0.009 .031 1.002 1.037
Distance	to	intervention	(km) 0.999 0.001 .351 0.996 1.002
Estimated	badger	sett	density	per	100	km2 0.840 0.410 .721 0.323 2.184
Proportion	of	land	involved	in	proactive	culling	in	the	RBCT 0.977 0.005 <.001 0.967 0.988
Proportion	of	land	classed	as	urban 1.053 0.013 <.001 1.027 1.079
Proportion	of	farms	with	more	than	one	fragment	of	land	in	the	
area
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of	 RBCT	 proactive	 land	 was	 associated	 with	 a	 decreased	 OTF-	W	
incidence	 in	 the	 first	 2	years	 of	 culling.	 The	Deviance	 and	 Pearson	
goodness-	of-	fit	 tests	 for	 overdispersion	 (p	=	.762	 and	 p	=	.774,	 re-
spectively)	 indicated	 no	 evidence	 of	 there	 being	 significantly	 more	
variation	in	the	data	than	expected.
The	 sensitivity	 analysis	 of	OTF-	W	 incidence	 in	 the	 buffer	 areas	
showed	that	removing	Somerset	comparison	buffer	areas	WS02B	or	
WS07B	affected	the	estimated	association	between	OTF-	W	incidence	
in	 the	 Somerset	 buffer	 and	 comparison	 area	 buffers	 (when	WS02B	






The	 sensitivity	 analysis	 of	 explanatory	 variables	 demonstrated	















multifaceted	 bovine	 TB	 control	 policy,	 not	 a	 scientific	 trial,	 and	 as	
such	lacks	randomization	and	other	controls.	Nonetheless,	it	is	impor-
tant	 to	monitor	 the	 effects	 of	 the	 industry-	led	 culling	 and	evaluate	
the	 impacts	 taking	 study	 limitations	 into	 account.	 The	 external	 va-




4.1 | Suitability of selected comparison areas
In	order	 to	 assess	 the	 impact	of	 the	 intervention	on	 cattle	TB	 inci-
dence,	we	first	had	to	develop	a	method	for	selecting	suitable	compar-
ison	areas.	For	the	RBCT,	areas	were	prospectively	selected	in	regions	
similar	 in	 terms	 of	 location	 and	 geographical	 characteristics	 and	
where	the	incidence	of	cattle	TB	in	England	was	highest	(Independent	











was	 not.	 This	 is	 because	 no	 long-	term	 effect	 from	 reactive	 culling	
on	recurrence	of	cattle	TB	incidents	has	been	detected	(Karolemeas	














4.2 | Impact of the intervention on OTF- W incidence
In	 annually	 published	 surveillance	 reports	 describing	 the	 cull	 areas	
















incidence	prior	 to	 culling	were	not	performed	 in	 the	RBCT	because	
the	randomized	selection	of	areas	in	that	trial	was	expected	to	have	
removed	any	biases	related	to	differences	between	areas.
4.3 | Impact of the intervention on OTF- W incidence 
in surrounding areas
The	multivariable	analysis	revealed	an	increased	IRR	for	the	interven-
tion	 in	 the	Somerset	buffer	 area	 (IRR:	1.38,	p	=	.008)	 and	no	effect	




be	 expected	 in	 the	 buffer	 areas	 due	 to	 perturbation	 of	 the	 badger	
population	(Donnelly	et	al.,	2006;	Woodroffe	et	al.,	2006).	When	the	
individual	years	were	investigated	(Tables	A5	and	A6	in	Appendix	2),	
the	 increased	 IRR	 for	 intervention	 in	 the	Somerset	buffer	 area	was	




4.4 | Reliability of the models
The	 associations	 between	 the	 intervention	 and	 OTF-	W	 incidence	















buffer	 comparison	 areas,	 which	 might	 explain	 why	 some	 areas	 are	























and	policy	 changes	 in	 the	management	of	TB	 incidents,	particularly	
since	the	introduction	of	the	TB	eradication	strategy	in	2014	(Defra	
2014b).	 It	 is	not	understood	why	 the	effects	of	 culling	observed	 in	
the	RBCT	were	only	observed	for	OTF-	W-	like	 incidents.	To	 investi-
gate	 further,	we	extended	our	analysis	of	 industry-	led	culling	 to	 in-
clude	all	TB	 incidents	 (Table	A7	 in	Appendix	3).	Qualitatively	similar	
results	were	obtained	to	those	obtained	when	modeling	only	OTF-	W	
incidents,	although	 the	estimated	effects	were	slightly	weaker.	This	
























particularly	where	 its	 application	 is	 not	 equally	distributed	between	








It	 has	 been	 estimated	 that	 in	 order	 to	 have	 sufficient	 power	 to	
be	confident	of	observing	significant	differences	 in	 the	 incidence	of	
OTF-	W	herd	 incidents,	matched	 intervention	 and	 comparison	 areas	
will	need	to	be	observed	for	at	least	3	years	after	culling	begins,	and	
that	 this	 increases	 to	 4	years	 if	 only	 two	 intervention	 areas	 are	 li-
censed	(Donnelly	et	al.,	2015).	As	such,	it	was	not	expected	that	signif-
icant	differences	would	be	observed	in	the	first	2	years	of	follow-	up,	




be	 ruled	 out	 due	 to	 the	 nonrandomized	 selection	 of	 the	 cull	 areas.	



























We	 have	 identified	 reductions	 in	 OTF-	W	 incidence	 in	 both	 the	











Although	 a	 trial	 randomizing	 culling	 to	 different	 matched	 areas	
would	be	the	most	rigorous	design	for	the	evaluation	of	the	effect	of	
a	badger	culling	policy,	 this	 type	of	design	 is	not	possible	when	the	
areas	where	 culling	 is	 conducted	 are	 selected	 by	 stakeholders.	The	
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APPENDIX 1
Sensitivity analysis of individual explanatory variables
T A B L E  A 1 Model	estimates	for	intervention	(industry-	led	badger	culling)	in	the	Somerset	and	Gloucestershire	central areas in the first 




RBCT- like model Baseline model Final model
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RBCT- like model Baseline model Final model





































































































































Replicating the RBCT models
In	order	to	compare	the	current	results	with	those	of	the	RBCT,	we	
assessed	 the	 effect	 of	 including	 just	 those	 factors	 that	 had	 been	
identified	 as	 important	 in	 the	 RBCT	modeling	when	 analyzing	 the	
first	2	years	of	culling	(Table	A3).	As	for	the	larger	models,	the	inclu-





baseline	 number	 of	 herds	 included	 in	 the	RBCT	 analyses),	 historic	
incidence,	 area,	 and	 intervention	 (badger	 culling)	were	 included	 in	
the	models	 the	 AIC	was	 poorer	 (larger)	 compared	with	 the	 larger	
models.	In	this	model,	significantly	lower	incidence	was	still	observed	
in	 the	Gloucestershire	central	area	 (IRR	=	0.69;	p	<	.001)	but	 there	
was	no	significant	effect	of	culling	 in	 the	Somerset	central	area	or	
either	of	the	buffer	areas.
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T A B L E  A 3 Multivariable	Poisson	regression	models	describing	the	effect	of	intervention	separated	by	area	on	the	number	of	OTF-	Wa 
incidents	in the first 2 years since culling began,	adjusted	for	a	reduced	set	of	explanatory	variables	as	applied	in	analysis	of	the	RBCT	(Donnelly	
et	al.,	2003,	2006).	Model	1	describes	the	effect	in	the	central	intervention	areas	compared	with	matched	central	comparison	areas,	and	Model	
2	describes	the	effect	in	the	2-	km	buffer	area	for	the	intervention	areas	compared	with	buffer	areas	for	matched	comparison	areas
IRRb Robust SE p value 95% Confidence interval
Model	1—Central	areas
Intervention	effect	in	Somerset	areac 1.012 0.073 .868 0.879 1.165
Intervention	effect	in	Gloucestershire	areac 0.685 0.060 <.001 0.577 0.813
Area	=	Somerset 1.008 0.082 .926 0.859 1.182
Log	transformed	herd	years	at	risk	in	the	first	2	years	of	culling 5.436 1.284 <.001 3.421 8.635
Log	transformed	OTF-	W	incidence	rate	over	all	3	years	prior 2.075 0.143 <.001 1.813 2.374
Model	2—Buffer	areas
Intervention	effect	in	Somerset	buffer	areac 0.818 0.103 .111 0.638 1.047
Intervention	effect	in	Gloucestershire	buffer	areac 0.998 0.140 .987 0.758 1.313
Area	=	Somerset 1.242 0.209 .199 0.892 1.728
Log	transformed	herd	years	at	risk	in	the	first	2	years	of	culling 2.259 0.567 .001 1.381 3.696














Gloucestershire	 central	 area	 was	 observed	 (IRR	=	0.59,	 p	=	.002),	
while	no	significant	association	with	the	intervention	was	observed	in	
the	Somerset	central	area	(IRR	=	1.05,	p	=	.521).	Increases	in	time	at	
risk	 and	 historic	 incidence	were	 significantly	 associated	with	 an	 in-
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T A B L E  A 4 Multivariable	Poisson	regression	models	describing	the	effect	of	intervention	(badger	culling)	stratified	by	area	on	the	number	of	
OTF-	Wa	incidents	in the year prior to the culls,	adjusted	for	explanatory	variables.	Model	1	describes	the	effect	in	the	central	intervention	areas	
compared	with	matched	central	comparison	areas,	and	Model	2	describes	the	effect	in	the	2-	km	buffer	area	for	the	intervention	areas	
compared	with	buffer	areas	for	matched	comparison	areas
IRRb Robust SE p value 95% Confidence interval
Model	1—Central	areas
Intervention	effect	in	Somerset	areac 1.049 0.078 .521 0.907 1.212
Intervention	effect	in	Gloucestershire	areac 0.588 0.100 .002 0.422 0.821
Area	=	Somerset 1.002 0.139 .986 0.764 1.315
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 1.642 0.337 .016 1.098 2.454
Log	transformed	OTF-	W	incidence	rate	over	2	years	prior 1.917 0.258 <.001 1.472 2.496
Log	transformed	median	herd	size 1.482 0.798 .465 0.516 4.260
Proportion	of	herds	that	are	dairy 1.004 0.003 .229 0.997 1.011
Distance	to	intervention	(km) 0.999 0.001 .635 0.997 1.002
Estimated	badger	sett	density	per	100	km2 1.000 0.005 .924 0.991 1.010
Proportion	of	land	involved	in	proactive	culling	in	the	RBCT 0.948 0.035 .145 0.882 1.019
Log	transformed	number	of	badgers	culled	historically 0.990 0.010 .316 0.971 1.010
Model	2—Buffer	areas
Intervention	effect	in	Somerset	areac 1.036 0.129 .777 0.811 1.322
Intervention	effect	in	Gloucestershire	areac 1.097 0.212 .632 0.751 1.603
Area	=	Somerset 0.934 0.083 .444 0.785 1.112
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 1.989 0.211 <.001 1.615 2.449
Log	transformed	OTF-	W	incidence	rate	over	2	years	prior 1.702 0.185 <.001 1.376 2.105
Log	transformed	median	herd	size 1.626 0.318 .013 1.108 2.386
Proportion	of	herds	that	are	dairy 1.000 0.005 .969 0.991 1.010
Distance	to	intervention	(km) 1.003 0.002 .149 0.999 1.006
Estimated	badger	sett	density	per	100	km2 0.271 0.138 .011 0.100 0.737
Proportion	of	land	involved	in	proactive	culling	in	the	RBCT 1.007 0.005 .185 0.997 1.018




Statistical analysis of each of the first two individual 






central	 area	 (IRR	=	0.56,	 p	=	.001),	 while	 significant	 associations	
between	 the	 intervention	 and	 OTF-	W	 incidence	 were	 observed	 in	
both	 the	 buffer	 areas,	 although	 the	 direction	 of	 the	 effect	 differed	
(Somerset	 –	 IRR	=	1.89,	 p	<	.001;	 Gloucestershire	 –	 0.75,	 p	=	.016)	
(Table	A5).	In	Year	2,	a	significant	association	between	the	intervention	
and	OTF-	W	incidence	was	observed	for	both	central	areas	character-
ized	 by	 a	 lower	 incidence	 in	 both	 areas	 (Somerset	 –	 IRR	=	0.67,	
p	<	.001;	Gloucestershire	–	0.62,	p	=	.049),	while	a	significant	associa-
tion	 between	 the	 intervention	 and	 OTF-	W	 incidence	was	 only	 ob-
served	in	the	Gloucestershire	buffer	area	(IRR	=	0.72,	p	=	.038).
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TABLE  A5 Multivariable	Poisson	regression	models	describing	the	effect	of	intervention	(badger	culling)	stratified	by	area	on	the	number	of	
OTF-	Wa	incidents	in the first year since culling began,	adjusted	for	explanatory	variables.	Model	1	describes	the	effect	in	the	central	intervention	
areas	compared	with	matched	central	comparison	areas,	and	Model	2	describes	the	effect	in	the	2-	km	buffer	area	for	the	intervention	areas	
compared	with	buffer	areas	for	matched	comparison	areas
IRRb SE p value 95% Confidence interval
Model	1—Central	areas
Intervention	effect	in	Somerset	areac 0.908 0.158 .580 0.647 1.276
Intervention	effect	in	Gloucestershire	areac 0.563 0.099 .001 0.399 0.796
Area	=	Somerset 0.964 0.186 .851 0.660 1.408
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 3.716 1.251 <.001 1.920 7.189
Log	transformed	OTF-	W	incidence	rate	over	2	years	
prior
2.311 0.616 .002 1.371 3.896
Log	transformed	median	herd	size 0.411 0.300 .223 0.098 1.718
Proportion	of	herds	that	are	dairy 1.021 0.008 .006 1.006 1.037
Distance	to	intervention	(km) 0.996 0.002 .060 0.993 1.000
Estimated	badger	sett	density	per	100	km2 0.989 0.007 .140 0.976 1.004
Proportion	of	land	involved	in	proactive	culling	in	the	
RBCT
0.963 0.084 .667 0.812 1.143
Model	2—Buffer	areas
Intervention	effect	in	Somerset	areac 1.886 0.182 <.001 1.561 2.279
Intervention	effect	in	Gloucestershire	areac 0.748 0.090 .016 0.591 0.948
Area	=	Somerset 0.805 0.052 .001 0.710 0.914
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 1.688 0.112 <.001 1.482 1.921
Log	transformed	OTF-	W	incidence	rate	over	2	years	
prior
2.136 0.132 <.001 1.893 2.411
Log	transformed	median	herd	size 1.547 0.157 <.001 1.268 1.888
Proportion	of	herds	that	are	dairy 1.041 0.005 <.001 1.031 1.052
Distance	to	intervention	(km) 1.003 0.001 .001 1.001 1.004
Estimated	badger	sett	density	per	100	km2 0.071 0.022 <.001 0.039 0.131
Proportion	of	land	involved	in	proactive	culling	in	the	
RBCT
0.973 0.007 <.001 0.961 0.986
Length	of	motorway	in	the	area	(km) 1.021 0.004 <.001 1.013 1.029
Proportion	of	farms	with	more	than	one	fragment	of	
land	in	the	area
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T A B L E  A 6 Multivariable	Poisson	regression	models	describing	the	effect	of	intervention	(badger	culling)	stratified	by	area	on	the	number	of	
OTF-	Wa	incidents	in the second year since culling began,	adjusted	for	explanatory	variables.	Model	1	describes	the	effect	in	the	central	
intervention	areas	compared	with	matched	central	comparison	areas,	and	Model	2	describes	the	effect	in	the	2-	km	buffer	area	for	the	
intervention	areas	compared	with	buffer	areas	for	matched	comparison	areas
IRRb SE p value 95% Confidence interval
Model	1—Central	areas
Intervention	effect	in	Somerset	areac 0.668 0.042 <.001 0.591 0.755
Intervention	effect	in	Gloucestershire	areac 0.615 0.152 .049 0.379 0.999
Area	=	Somerset 1.291 0.317 .297 0.798 2.089
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 3.467 0.641 <.001 2.413 4.981
Log	transformed	OTF-	W	incidence	rate	over	2	years	prior 1.126 0.182 .462 0.820 1.547
Log	transformed	median	herd	size 1.844 1.635 .490 0.324 10.483
Proportion	of	herds	that	are	dairy 1.001 0.005 .809 0.992 1.010
Distance	to	intervention	(km) 0.995 0.001 <.001 0.994 0.997
Estimated	badger	sett	density	per	100	km2 1.000 0.003 .985 0.994 1.006
Proportion	of	land	involved	in	proactive	culling	in	the	
RBCT
0.993 0.047 .889 0.905 1.090
Log	transformed	number	of	badgers	culled	historically 1.052 0.023 .021 1.008 1.099
Proportion	of	land	classed	as	urban 1.062 0.019 .001 1.026 1.099
Proportion	of	farms	with	more	than	one	fragment	of	land	
in	the	area
1.043 0.010 <.001 1.025 1.063
Model	2—Buffer	areas
Intervention	effect	in	Somerset	areac 1.278 0.443 .478 0.649 2.520
Intervention	effect	in	Gloucestershire	areac 0.717 0.115 .038 0.523 0.982
Area	=	Somerset 1.350 0.411 .324 0.743 2.452
Log	transformed	herd	years	at	risk	in	year	prior	to	culls 1.753 0.288 .001 1.270 2.419
Log	transformed	OTF-	W	incidence	rate	over	2	years	prior 1.812 0.412 .009 1.161 2.830
Log	transformed	median	herd	size 1.005 0.334 .987 0.525 1.927
Proportion	of	herds	that	are	dairy 1.008 0.017 .618 0.976 1.042
Distance	to	intervention	(km) 0.996 0.003 .155 0.991 1.001
Estimated	badger	sett	density	per	100	km2 6.724 8.506 .132 0.563 80.248
Proportion	of	land	involved	in	proactive	culling	in	the	
RBCT
0.989 0.013 .408 0.964 1.015
Proportion	of	land	classed	as	urban 1.075 0.028 .006 1.021 1.132
Proportion	of	farms	with	more	than	one	fragment	of	land	
in	the	area
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APPENDIX 3
Analysis of all cattle TB incidents
T A B L E  A 7 Multivariable	Poisson	regression	models	describing	the	effect	of	intervention	(badger	culling)	stratified	by	area	on	the	number	of	
TB	incidents	in the first 2 years since culling began,	adjusted	for	explanatory	variables.	Model	1	describes	the	effect	in	the	central	intervention	
areas	compared	with	matched	central	comparison	areas,	and	Model	2	describes	the	effect	in	the	2-	km	buffer	area	for	the	intervention	areas	
compared	with	buffer	areas	for	matched	comparison	areas
IRRa Robust SE p value 95% Confidence interval
Model	1—Central	areas
Intervention	effect	in	Somerset	areab 0.886 0.050 .033 0.793 0.991
Intervention	effect	in	Gloucestershire	areab 0.586 0.040 <.001 0.513 0.670
Area	=	Somerset 1.160 0.102 .090 0.977 1.377
Log	transformed	herd	years	at	risk	in	year	prior	to	
culls
4.038 0.701 <.001 2.873 5.674
Log	transformed	OTF-	W	incidence	rate	over	
2	years	prior
1.476 0.138 <.001 1.229 1.773
Log	transformed	median	herd	size 0.218 0.101 .001 0.088 0.540
Proportion	of	herds	that	are	dairy 1.018 0.004 <.001 1.011 1.025
Distance	to	intervention	(km) 0.998 0.001 .092 0.997 1.000
Estimated	badger	sett	density	per	100	km2 0.994 0.003 .045 0.989 1.000
Proportion	of	land	involved	in	proactive	culling	in	
the	RBCT
1.016 0.024 .503 0.970 1.065
Proportion	of	farms	with	more	than	one	fragment	
of	land	in	the	area
1.021 0.006 <.001 1.010 1.032
Model	2—Buffer	areas
Intervention	effect	in	Somerset	areab 1.333 0.199 .054 0.994 1.788
Intervention	effect	in	Gloucestershire	areab 0.902 0.094 .319 0.736 1.105
Area	=	Somerset 1.118 0.129 .334 0.892 1.401
Log	transformed	herd	years	at	risk	in	year	prior	to	
culls
1.880 0.201 <.001 1.524 2.319
Log	transformed	OTF-	W	incidence	rate	over	
2	years	prior
1.821 0.186 <.001 1.491 2.224
Log	transformed	median	herd	size 1.044 0.163 .783 0.769 1.417
Proportion	of	herds	that	are	dairy 1.023 0.010 .025 1.003 1.043
Distance	to	intervention	(km) 0.998 0.002 .283 0.995 1.002
Estimated	badger	sett	density	per	100	km2 1.337 0.770 .614 0.432 4.136
Proportion	of	land	involved	in	proactive	culling	in	
the	RBCT
0.982 0.006 .003 0.970 0.994
Proportion	of	land	classed	as	urban 1.043 0.014 .002 1.016 1.072
Proportion	of	farms	with	more	than	one	fragment	
of	land	in	the	area
1.033 0.010 .001 1.014 1.052
aIncidence	rate	ratio.
bIntervention	is	industry-	led	badger	culling,	as	described	in	the	Section	1.
